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Electronic maps are commonplace in automotive navigation systems in Japan, and 
soon will be common in the United States and Europe. To make such maps safe and 
easy to use while driving, it is important to know how engineering, individual, and task 
factors affect reading time, and how reading time can be minimized. The more! time 
drivers spend looking in the vehicle, the less time they spend looking at the road, 
increasing the opportunity for crashes. Given the almost complete absence of 
literature on the time to read maps prior to this project, two specific issues were 
addressed. 
lssue 1 : How long does it take to read an electronic local map as a functio~n of label 
size and orientation, the number of streets shown, the percentage of streets 
labeled, display location, and the driver's task? 
lssue 2: When do drivers desire area maps instead of turn (intersection) displays? 
These issues were examined in five reports summarized on the next page: 
Green, P. (1999). Readinu Electronic Area Maps: An Annotated Biblioararshv, 
(Technical Report UMTRI-98-38). 
This report contains a collection of summaries generated by the author. 
Primary articles concerned performance differences in reading street 
names due to type size, how people follow directions using street maps, 
etc. At the time the project began, there were no articles in the literature 
that methodically considered how factors related to street-map design 
affect task completion time. Secondary articles considered color coding, 
symbols for tourist information, etc. 
Brooks, A,, Lenneman, J., George-Maletta, K., Hunter, D.R., and Green, P. (1 999). 
Preliminary Examinations of the Time to Read Electronic Maps: The Effects of Text and 
Graphic Characteristics, (Technical Report UMTRI-98-36). 
This report summarizes the initial simulator experiments concerning 
reading electronic maps, Included were efforts to identify representative 
maps and street names for testing and a pilot experiment concerning the 
subjective legibility of various map typefaces. In the main experiment, 
the time to read the electronic maps was found as a function of text size, 
the number of streets, text orientation, and the street layout. 
Brooks, A. and Green, P. (1998). Map Design: A Simulator Evaluation of the Factors 
Affecting the Time to Read Electronic Naviaation Displays, (Technical Report 
UMTRI-98-7). 
This report describes a simulator experiment that was an extension of the 
first main experiment. This extension examined situations when only 
some of the street names were labeled, small text sizes, and the effect of 
map location in the vehicle. 
Nowakowski, C. and Green, P. (1998). Map Desian: An On-the-Road Evaluation of the 
Time to Read Electronic Naviaation Displays, (Technical Report UMTRI-98-4). 
This report summarizes an on-the-road experiment that was run in 
parallel with the previous report and examined similar factors. The same 
text sizes and number of streets were used, but all the streets were 
labeled and the effect of day and night was studied. These results were 
used to bridge the laboratory results to real, on-the-road situations. 
Brooks, A,, Nowakowski, C., and Green, P. (1999). Turn-bv-Turn Displays versus 
Electronic Maps: An On-the-Road Comparison of Driver Glance Behavior, (Technical 
Report UMTRI-98-37). 
This report describes an on-the-road experiment that examined when 
and how often drivers look at turn-by-turn and electronic map displays in 
route guidance. Factors examined included road type (residential, 
freeway, etc.) and the distance to the next turnldecision point. 
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INTRODUCTION 
Under the banner of Intelligent Transportation Systems (ITS) and other names, 'there is 
a major worldwide research and development program to improve transportation. One 
of the major innovations of the program is the installation of electronic navigation 
systems, Such systems are now widespread in Japan and are beginning to appear in 
rental and new cars in the U.S. and in Europe. Drivers provided with directions (via a 
visual display, spoken directions, or both) are less likely to get lost and will be able to 
avoid congestion when traffic information is available. Such systems will provide 
operational benefits such as reduced congestion and less wasted travel time, make 
driving safer by routing drivers around dangerous situations, and in general, make 
driving more pleasant. 
Customers want navigation systems that are safe and easy to use. Manufacturers 
want products that satisfy customers, meet existing and anticipated governmen!; 
regulations and accepted design guidelines (Carel, Hershberger, Herman, and 
McGrath, 1974a,b; Green, Levison, Paelke, and Serafin, 1995), and minimize potential 
product liability litigation. A major concern is that if maps are difficult to read, drivers 
will attend to them and not the road ahead. If attention to the road scene is dim~inished, 
opportunities for crashes will increase. Research that addresses this concern appears 
in a technical report (Wierwille, Hulse, Fischer, and Dingus, 1987). Summaries 
appear in three proceedings papers (Wierwille, Hulse, Fischer, and Dingus, 1988; 
Hulse, Dingus, Fischer, and Wierwille, 1989; Wierwille, Hulse, Fischer, and Dingus, 
1991). 
At the outset of this project, there was almost no research specifically focused on the 
time to read maps as a function of the factors of interest to automotive engineers. (See 
Green, 1999, the first report of this project, for a review. For a review of some of the 
research on navigation displays, see Green, 1992.) 
Initially, this project only uncovered one experiment relating street map characteristics 
to user performance. Stiltz and Yitzhaky (1979) had 125 subjects point to locations on 
a street map of Jerusalem after being given a name. (Some details concerning the 
task and map, such as the area covered, were not provided). The target location time 
(T) was estimated by 6.55 + 1.2(1/GLS) + 0.36n where GLS, the grid line separation, 
was 0.2, 0.25, 0.33, 0.5, and 1.0 kilometers (km), and n was the average number of 
roads per grid square. In a second experiment, 50 people located coordinates; on the 
same set of maps. Using the combined data, the time to locate a street within i3 grid 
was equal to 2.1 + .38n, where n was the number of roads in the grid (range of 4 to 
25). Hence, according to these data, an additional 0.4 seconds is required for each 
street added to a map (for 4 or more roads). 
This lack of data, coupled with a concern for excessive reading times, led to this 
project. Interestingly, published studies on this topic did not appear in the open 
Japanese literature prior to the wide-scale production of map-based navigation 
systems. In Japan, low driving speeds (often stopped due to congestion), a more 
favorable litigation environment, and the immediate need for this product delayed 
attention to human factors issues. (In Japan, streets may not be named and bluildings 
are numbered chronologically, so navigation without a map can be a challenge.) 
The objective of this project was to develop a series of models which predict the time 
required for various map-reading tasks as a function of product characteristics, the 
user's task, and user differences. Accordingly, the following issues must be 
addressed: 
How do response time and errors in reading a map vary with 
1, the road graphics (the number of roads shown, color or width coding, grid vs. 
non-grid, etc.); 
2. the road label design (percent of roads labeled, orientation, character size, etc.); 
3, the display location (various locations in center console, etc.); 
4. the task performed (identify the road being driven, identify a cross road, find a 
road on a map, etc.); 
5. differences between drivers (due to age, gender, and individual differences)? 
For this project, response time was the primary performance measure because it was 
more likely to be sensitive to the design differences of interest than error rate, since 
times are continuous and errors are binary. However, it is important to verify that in 
responding to maps, drivers do not trade off measures (for example, long response 
times do not occur simply because drivers spend more time attending to the primary 
task of driving, so lane position and speed are less variable, speed is greater, etc.). 
To make this project manageable, the issues of interest have been partitioned across 
a series of experiments. The general approach is to collect the initial data sets in a 
driving simulator, and then subsequent data on the road, repeating some conditions in 
both contexts so the simulator data can be scaled to predict on-the-road performance. 
This phase of the project addressed four key issues relevant to the scope of the entire 
project: 
1. How many streets should be shown on an in-vehicle map display? 
2. What size text should be used for the street labels on an in-vehicle map 
display? 
3. What orientation should be used for street names on an in-vehicle map display? 
4, What is the effect of the street layout of a map on an in-vehicle map display? 
MAP DEVELOPMENT 
For this project, a set of test maps was developed that (1) represented what drivers 
would encounter while driving in the US,  and (2) served the design goals of the! 
experiment. To develop the 96 test maps used in the initial studies (Appendix A) the 
following questions had to be answered: 
1. How many streets and other objects should be shown and how should they be 
arranged? 
2. What names should be used for the streets? 
3. How should the street names appear on maps? 
4. How should subjects signal their answers to the experimenter? (Althougti this 
question may seem slightly irrelevant, the answer impacts question 3.) 
1. How many streets and other objects should be shown and how !should 
they be arranged? 
To obtain a sample of representative maps, cities were selected from the Index to 
United States Counties, Cities, and Towns of the 1995 Rand McNally Road Atlals, the 
most popular road atlas in the U.S. (Rand McNally, 1995, p. 121-128). From every fifth 
column, the thirtieth entry was selected. If this entry was a county (in bold), theri the 
next city or town in the column was selected. Using the selected city and town names, 
maps were retrieved from a popular CD-ROM database of the U.S. (Street Atlas USA, 
version 2.0, DeLorme Mapping, 1993) and displayed at magnification level 15 (one 
and three-sixteenths inches = 1000 feet) in a square, 5-inch diagonal display window. 
The area of the 5-inch diagonal square is about the same as those typically used for 
automotive navigation systems. This process led to a sample of 24 maps (Figure 1). 
Figure 1. Section from map of Edwardsville, KS, one of the 24 maps sampled. 
3 
Table 1 summarizes some of the data obtained from those maps. The locations 
sampled are well dispersed throughout the U.S. This is important because road 
geometry varies with local geography (mountains vs. plains, ocean-side vs. inland, 
etc.). However, in terms of population, the locations sampled tended to be smaller 
towns and less urban regions in the U.S. 
Table 1, Summary data from sample maps. 
Mccloud CA (1 555) 
Enfield CT (8454) 
Baldwin GA (1439) 
Chester IL (81 94) 
Holland IN (675) 
Edwardsville KS (3979) 
Breaux Bridge LA (6515) 
Bondsville MA (1 992) 
Argyle MN (636) 
Claycomo MO (1 668) 
Wadsworth NV (640) 
Cooperston NY (21 80) 
Harkers Island NC (1 759) 
Malta OH (802) 
Gresham OR (68235) 
North Wales PA (3802) 
Mclntosh SD (302) 
Hamlin TX (2791) 
North Clarendon VT (500) 
Glenville WV (1 923) 
Fontana WI (1 635) 
Rice Lake WI (7998) 
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by color and line thickness on the map). 
2 The judged degree to which a map was grid-like ranged from 1 (not grid-like) to 









As shown in Table 1, a "typical" U.S. map might be expected to show three street 
levels, one railroad segment, and one river. Not shown in the table is the fact that 
roughly one in five maps showed a body of water other than a river, and there was 
only one island in the entire sample. Maps varied quite widely in their street layout 
and in the number of streets shown. These observations of what constituted a "typical" 
map are summarized below in a set of guidelines, which were used as the basis for 
~t types of streets shown 
creating maps for this project. 
The number of streets shown varied between 8 and 39 (mean = 24). To cover that 
range, the numbers of streets selected for investigation were 6, 12, 18, 24, and 36. 
Six streets is the minimum number that would allow for one street currently driven, 
two cross streets ahead, one cross street behind, and parallel streets to the left and 
right (a minimum level area map). 
Maps should include a railroad segment and a river, features that typically appeared 
in the sample. 
Maps should not show islands or large bodies of water. Few of the sample miaps did 
SO. 
Multiple levels of the streets (major and minor, coded by color or line thickness) may 
be desired. Three levels was common in the sample. However, this factor was 
omitted from the experiment to keep the number of factors manipulated from being 
excessive and to avoid complicating the design of maps. For the experiments; 
described in this report, there was only one level of streets. 
Maps should vary in the extent to which their configurations are grid-like. Maps were 
typically between the two possible extremes, though there was a wide range of 
variation between individual maps. To explore that range, only the extremes were 
considered, grid and non-grid. This classification was subjective and based on a 
comparison with the sample of maps. 
Two template maps, one grid and the other non-grid, were created using these 
guidelines. Each showed 36 streets. Maps showing fewer streets were derived from 
the templates by deleting as many streets as necessary. (This deletion was done 
systematically to maintain the appearance of balance on the maps.) Figure 2 displays 
the two template maps. Consistent with industry practice, an arrowhead icon was 
shown on each map to indicate the current vehicle position. As recommended by the 
navigation design guidelines (Green, Levison, Paelke, and Serafin, 1995), the maps 
were oriented heading up, the preferred orientation for route following. The icon was 
centered along the left-right axis, and approximately 113 of the distance up from the 
bottom (since the road ahead is more important than the road behind). 
Grid template Non-grid template 
Figure 2. The two 36-street templates from which all maps in the study were derived. 
2. What names should be used for the streets? 
So that subjects would not have problems in recognizing names, only frequently used, 
western first names were selected that were not specific to a racial or ethnic group in 
the U.S. Name lengths were constrained to be 5 to 9 characters, as street names in 
that range were common in the sample of 24 maps (Figure 3). Many three-character 
names were numbered streets (Ist, 2nd1 3rd, etc.). Omitting these, the most common 
lengths were seen to be 4 to 8 characters. Because the distribution is right-skewed, 
the range from 5 to 9 was settled on for the street names in this experiment. 
A baby-naming book (Evans, 1994) was used to identify frequently occurring names. 
Names that have not been common until recently (e.g., Tiffany), were avoided. 
Appendix B contains a complete list of all first names used. 
0 2 4 6 8 1 0 1 2 1 4  
Number of Characters in Street Name 
Figure 3. Distribution of street name lengths in the 24-map sample. 
3. How should the street names appear on maps? 
An important issue is the location of the street name label relative to a vertically 
running street. Figure 4 shows three possibilities, all of which occurred in this study. 
The same options for label orientation exist for labels of curved streets. However, it 
was decided that for a curved street, the label would be placed at a point where the 
street ran straight. 
Horizontal Label Vertical Label Stacked Label 
BRENDA 
Figure 4. Street labeling options for vertical street names. 
A set of rules was developed for name placement that follows common map design 






The street label can extend beyond the length of the street itself. 
The street label was placed with white space between the label and the street 
beneathlabove the label. 
Names were centered on non-intersected segments of a street, if possible. They 
were not distributed across the entire length of the street, nor were they centered 
based on the entire street length. 
If a street curved, the label was centered on a straight part of the street. 
When reducing the number of streets on a map, an equal number of streets were 
deleted on each side of the vertical center line without regard to the genders of the 
street names. 
Street labels were not required to remain in the same location as the map density 
changed (number of streets increased or decreased) or as the point size changed. 
Street labels were placed along the street line, except where other conditioris were 
specifically required (horizontal, vertical, stacked). 
If a street curved, the beginning and end of the street label were "along" the street. 
If labels could not be placed above the line of the street, they were placed below. 
Overlapping of street names occurred only to fit the street label within the map 
boundaries. 
Names were shifted if one of the portions of a letter (especially a vertical stroke) fell 
on a street line. 
Previous rules were overridden if a horizontal name required the space. 
Stacked and vertical labels were adjusted to be read along the line of the street. 
When an non-intersected segment of street was unavailable, the label was centered 
along the entire street length. 
Stacked, horizontal, and vertical labels were placed on the right side of the street, 
unless there was no space. In this case, they were placed to the left of the street. 
Horizontal labels were strictly horizontal. No adjustments were made to the angle of 
the label. 
Horizontal labels were positioned with either the beginning or end of the label next 




Placement of street names also depended upon the size of the label typeface. 
According to the James Bond Rule, a rule of thumb for sizing characters, characters 
should occupy a visual angle of ,007 radians with respect to their height (Smith, 1979). 
Accordingly, map text should be approximately 0.2 inches (5 mm) tall if viewed at 
28 inches (71 cm). Larger characters may crowd the display, diminishing legibility. 
Hence, bigger may not always be better; in any case, two different point sizes were 
used on the maps. (See Appendix C for details.) 
4. How should subjects signal their answers to the experimenter? 
Although this question may not seem to deal directly with map construction, the 
method which a subject uses to respond has a strong influence on the types of street 
names selected for the maps. A number of options for response methods were 
considered, with a keypad response being the input type ultimately chosen. (See 
Appendix C for a detailed discussion.) Street labels were chosen to be male and 
female first names that were not androgynous. 
TEST PLAN - Initial Legibility Experiment 
Overview 
The purpose of the main experiment was to determine response time and response 
error as a function of various map characteristics. However, since a full factorial 
experiment designed to consider all of the possible map display characteristics would 
be prohibitively large, this initial legibility experiment was conducted to identify which 
map characteristics should be included in the main experiment. The following 
questions were addressed: 
1. What number of streets should be shown? 
2. What point size of the labels should used? 
3. What style of labels (normal print or bold print) should be used? 
4. What thickness of the road lines should be used? 
Test Participants 
Eight licensed drivers participated in the experiment, four young (18 to 30 year!;, 
mean = 21) and four older (65 and over, mean = 67). Within each age group there 
were two men and two women. Participants were recruited through advertiserr~ents 
placed in a local newspaper and through lists of participants from previous UM'TRI 
studies. All were paid $20 for their participation. 
Corrected visual acuity ranged from 2011 8 to 20122 (mean = 20120) for young subjects 
and from 20113 to 20140 (mean = 20130) for older subjects. Corrective eyewear was 
worn by six of the eight subjects (four young and two older). 
Subjects drove an average of 12,000 miles (1 9,312 km) per year, ranging from 
5,000 to 20,000 miles (8,047 to 32,187 km), with little difference between the age and 
gender groups. Five subjects (four young and one older) reported using an in'-vehicle 
navigation system during previous, unrelated UMTRl experiments. Subjects reported 
using a map an average of 3 to 4 times in the past six months. Young subjects; 
reported using a computer daily, whereas older subjects had never used a computer. 
Test Activities and Their Sequence 
Each subject began by completing a participant consent form (Appendix D) an~d a 
biographical form (Appendix E). Each subject then had his or her vision tested. See 
Appendix F for the complete instructions given to each subject by the experimenter. 
Two maps were shown side-by-side in front of the subject via two random access slide 
projectors while the subject was driving the simulator. The subject was then asked 
which of the two maps was most legible. The subject's response was recorded, and 
the next pair of maps was presented. The maps were presented as 5-inch diagonal 
images. Figures 5 and 6 are two examples of the maps seen by the subjects. 
Figure 5. Grid map containing 18 streets, 12-point bold text, 
and 1-point thick street lines and street name lines. 
Figure 6. Non-grid map containing 36 streets, 18-point regular text, 
and 2-point thick street lines and street name lines. 
The two maps in each pair were either grid or non-grid, but never both. The maps 
shown differed in four ways, (1) the number of streets shown, (2) the size of the street 
labels, (3) the thickness of the street labels, and (4) the thickness of the lines used to 
represent the streets. Table 2 shows four factors and the levels at which they 
occurred. 
Table 2. Factors and levels for the initial legibility experiment. 
The number of possible combinations of these maps is (4)(2)(2)(2) = 32. Thus, the 
total number of comparisons possible is 32C2, or 496. Since this number is too large 
for a study of reasonable length, a smaller sample of all possible comparisons \was 
selected. It was reasoned that comparisons of maps with many streets to maps with 
few streets would be unnecessary, since the less cluttered maps would obviously 
appear more legible. Using this criterion, the number of comparisons shown was 
reduced to 160, a manageable number. (See Tables 3 and 4.) 
Table 3. Comparisons for each combination of number of streets and point size. 
Levels 
18, 24, 30, 36 
12-point type, 18-point type 
Normal print, bold print 
1 pixel lines, 2 pixel lines 
Factor 
Number of streets 
Size of labels 
Style of labels 
Road line thickness 
Total: 160 





Table 4. Upper left close-up showing how 6 and 16 comparisons were achieved. 
etc. 
etc. 
where: n = normal text 
b = bold text 
1 = single-pixel wide streets 
2 = double-pixel wide streets 

RESULTS AND DISCUSSION - Initial Legibility Experiment 
The dependent measure was the total number of times a slide would be preferred over 
another slide (to be referred to as the total sum). This was the sum of (1) the number of 
times it was actually chosen over another slide by the subject plus (2) the number of 
times it was assumed to have been chosen over another slide by the subject. 
Since the subjects were presented with a set of grid or non-grid slides and never a 
pair containing both, the two data sets were analyzed separately. 
Grid Maps 
The main effects for number of streets, point size, street thickness, and boldnes:~ were 
significant. In addition, a large number of higher order interactions between the four 
variables were also found to be significant. (See Appendix G.) The effects of a.ge and 
gender were not examined. 
Unpaired t-tests were conducted to examine the difference between the levels of 
number of streets, point size, street thickness, and boldness. All levels of number of 
streets were significantly different from each other. Point sizes of 12 point and 18 point 
were significantly different from each other. Street thicknesses of 1 point and 2 point 
were not significantly different from each other. Bold font and regular font were not 
significantly different from each other. (See Appendix H for statistics.) 
Non-grid Maps 
The main effects for number of streets, point size, street thickness, and boldne.; s were 
significant. In addition, a large number of higher order interactions between the four 
variables were also found to be significant. (See Appendix I.) The effects of age and 
gender were not examined. 
Unpaired t-tests were conducted to examine the difference between the levels of 
number of streets, point size, street thickness, and boldness. All levels of number of 
streets were significantly different from each other. Point sizes of 12 point and 18 point 
were significantly different from each other. Street thicknesses of 1 point and 2 point 
were not significantly different from each other. Bold font and regular font were not 
significantly different from each other. (See Appendix J for statistics.) 
Conclusions 
The significance of the number of streets indicates that the number of streets shown on 
a map influences which of two maps a driver would prefer to view. In addition, the 
mean difference in the total sums between two slides increased as the difference in 
the number of streets presented on the two slides increased. The mean difference 
appears to increase linearly. 
For the main experiment, slides with 30 streets can be omitted because the results of 
24 streets and 36 streets can be used to interpolate the effect of 30 streets. In addition, 
the removal of slides with 30 streets makes the main experiment less complicated. 
Slides with only 6 streets shown should be used to determine the effects of empty 
space on a map as well as clutter. 
The large amount of higher order interactions in the ANOVAs (Appendices G and I) 
between all four variables indicates that all levels of point size, boldness, and street 
thickness should be used in the main experiment. However, the main effects of 
boldness and street thickness were not nearly as significant as the main effects for 
number of streets and point size. In addition, smaller order interactions involving 
either boldness or street thickness were not significant as often as interactions 
involving number of streets and point size. Thus, it was determined that number of 
streets and point size should be included in the legibility experiment and boldness and 
street thickness should not. 
TEST PLAN - Main Experiment 
Overview 
Given that the primary factors affecting map reading performance had been identified, 
a focused experimental evaluation was then feasible. In this experiment, subjecds 
drove in a simulator and simultaneously responded to slides of electronic area rnaps 
shown on the center console. Depending upon the task being examined, drivers 
(1) looked for the name of the street on which they were driving, (2) looked for the 
name of the nth cross street (e.g., second), or (3) identified the relative location of a 
particular street. When drivers found the desired information, they pressed a key to 
record their response time. 
Test Participants 
Twenty licensed drivers participated in the experiment, 10 young (1 8-30 years, 
mean = 21) and 10 older (65 and over, mean = 68). Within each age group, thlere 
were five men and five women. Some participants were recruited using lists from 
previous UMTRl studies, but no subjects who participated in the initial legibility study 
were selected. All were paid $40 for their participation. 
Corrected visual acuity ranged from 2011 3 to 20140 (mean = 20122) for young subjects 
and from 2011 3 to 20170 (mean = 20125) for older subjects. Corrective eyewear was 
worn by 11 of the 20 subjects. 
Subjects drove an average of 10,850 miles (17,360 km) per year, ranging from 
2,000 to 20,000 miles (3,200 to 32,000 km). Five subjects reported using an 
in-vehicle navigation system during previous, unrelated UMTRl experiments. Subjects 
reported using a map an average of 3 to 4 times in the past six months. Young 
subjects reported the frequent use of a computer, whereas older subjects either used a 
computer daily (four responses) or never used one (six responses). 
Test Equipment and Materials 
Data was collected in the UMTRl Driver Interface Research Simulator, a low-cost 
driving simulator based on a network of Macintosh computers (MacAdam, Green, and 
Reed, 1993; Olson and Green, 1997). The simulator consists of an A-to-B pillar 
mockup of a car, a projection screen, a torque motor connected to the steering wheel, 
a sound system (to provide engine, drive train, and wind noise), a computer system to 
project images of a speedometer-tachometer cluster, and other hardware. The 
projection screen for the road scene, offering a 30-degree field of view, was 20 feet 
(6.1 m) in front of the driver, effectively at optical infinity. The simulator road scene 
depicted a two-lane winding road with no traffic ahead, stationary oncoming cars, 
traffic signs, and road edge posts 
Slides of map images were presented on a screen mounted on the center console 
(where navigation displays are often located). This location is shown in Figure 7. The 
display area was a 5-inch diagonal rectangle, simulating the display area of a similarly 
sized cathode ray tube (CRT) or liquid crystal display (LCD). 
Figure 7. View of the projection screen from inside the simulator. 
Slides were presented by one of three random access slide projectors (one Mast 
System 2, two Kodak Ektagraphic RA-960) fitted with external shutters operating under 
control of an IBM XT computer fitted with a custom intetface/timing board. Subjects 
responded by pressing piano-like keys (mounted above microswitches) on a custom- 
made keyboard mounted between the driver and passenger seats within easy reach of 
the driver. All five keys were retractable to allow the experimenter to change the 
possible responses depending on the task, The overall arrangement of equipment at 
the time the experiment was conducted is shown in Figure 8. 
The images shown (4 inches wide, 3 inches tall; 5-inch diagonal) were displayed on a 
screen located relatively high on the center console. Based on the measurements of a 
comfortably seated 6-foot-tall driver, the viewing distance from the eye to the center of 
the screen was about 30 inches (about 76 cm). The screen location was 24.5 degrees 
below horizontal and 34 degrees to the right of center. 
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Figure 8. Schematic view of laboratory setup. 
Test Activities and Their Sequence 
Each subject began by completing a participant consent form (Appendix K) and a 
biographical form (Appendix E) followed by a vision test. The complete instructions 
given to each subject by the experimenter are located in Appendix L. 
Each session was separated into two practice blocks and six test blocks. (See 
Table 5.) During each block of trials, the subject drove the simulator vehicle at 
30 miles per hour in the right lane of a computer-generated road. Subjects were told 
that driving, not looking at the slides, was the priority. 
Table 5. Summary of block characteristics. 
The subject started each block with about 30 seconds of driving, at which point the 
slides started appearing on the console. A 20 ms alert tone coincided with the 
appearance of each slide, to which each subject responded by pressing keys with 
their right hand while driving with their left hand. The process repeated after an inter- 
trial interval (ITI) of between 4 and 6.5 seconds. (See Table 5.) For each block, ITl's 
were randomized and each occurred approximately equally often. 
Subjects performed three tasks: Task 1 (What street are you on?), Task 2 (What is the 
name of the nth cross street?), and Task 3 (Where is the target street?). These tasks 
were chosen to span the range of map-reading activities, both in content and difficulty, 
as completely as possible. Task 1 was to identify the street currently being driven, 
Task 2 was to identify the name of a cross street ahead of the current location, and 
Task 3 was to locate a particular street by name and identify the location relative to the 
current location. See Appendix M for the rationale for selecting these tasks. 
Block# 
1 
2 & 3 
4 & 5 
6 
7 & 8 
Response times (to the nearest millisecond) and errors were recorded. For error trials 
and for trials where the response time exceeded 25 seconds, a low-pitched 200 ms 










After completing all eight blocks, each subject completed a payment form and was 
then paid. Each test session lasted approximately 2.5 to 3 hours. 
IT1 (s) 
4.0, 5.0, 6.0 
4.0, 5.0, 6.0 
4.0, 5.0, 6.0 
4.0,4.5, 5.0, 5.5, 6.0 
4.0,4.5, 5.0, 5.5, 6.0 
4.0, 5.0, 6.0 
4.0, 4.5, 5.0, 
5.5, 6.0, 6.5 
4.0, 4.5, 5.0, 
5.5, 6.0, 6.5 
Description 
Practice 1 : Practice for Task 1 
Task 1 : What street are you on? 
Task 2: What is the name of 
the nth cross street? 
Practice 2: Practice for Task 3 











Four factors were present throughout all tasks of the experiment: (1) the number of 
streets on the map (five levels: 6, 12, 18, 24, and 36), (2) the point size of the tex:t used 
(two levels: 12 and 18 point), (3) the orientation of the street names (three levels: 
horizontal, vertical, and stacked), and (4) the street layout of each map (two levels: grid 
and non-grid). Not all possible combinations of point size and number of street., '' were 
examined (Table 6) because 18-point labels could not fit on a 36-street map. 
Table 6. Combinations of point size and number of streets for all tasks. 
Point Number of Streets 
Five different pseudo-random orderings of slides were generated for each bloclc of 
trials, one for each of the five subjects in each agelgender category. These variations 
should be sufficient to avoid confounding effects due to trial order. 
The 20 subjects were divided into two groups. For each task, the first group alvvays 
saw the 12-point block first (and the 18-point block second) while the second group 
always saw the 18-point block first (and the 12-point block second). Each group 
included five young and five older subjects, except for one group that accidentally 
included six men and four women while the other group included six women and four 
men (Table 7). 
Table 7. Number of subjects in each category. 
Practice 1: Keypad Practice (Block 1) 
The purpose of the first practice task was to allow subjects to learn the association 
between keys and responses, to minimize additional learning of the association during 
the actual task. Subjects were shown a series of 36 slides such as the one in Figure 9 
and identified the gender of the name by pressing a key (index finger = male,  middle 





Point size Young 
Order Men Women 
12pt -18pt 
18pt 4 2 p t  
3 2 
2 3 
Figure 9. Practice 1 example slide. 
Each combination of point size (12 and 18), orientation (horizontal, vertical, stacked), 
and name gender (male and female) were shown three times for a total of 36 trials. 
Task 1: What street are you on? (Blocks 2 & 3) 
In Task 1, subjects were shown a total of 96 slides such as the one in Figure 10. The 
task was to identify the name of the street currently being driven (here, "Roger"). The 
current street was identified by the vehicle icon (the arrowhead). When subjects found 
the vehicle icon and identified the name of the street, the key corresponding to the 
gender of the street name (left key = male, right key = female) was pressed (the left key 
in this example). 
Figure 10. Task 1 example. Correct response (Roger) is "male." 
Half of the subjects were shown 12 point in block 2 and 18 point in block 3, while the 
other half were shown 18 point in block 2 and 12 point in block 3. All combinations of 
number of streets (6, 12, 18, 24 for 12-point block; 6, 12, 24, 36 for 18-point block), 
name orientation (horizontal, vertical, and stacked), street layout (grid and non-grid), 
and response gender (male or female) were shown twice for a total of 96 trials. 
Task 2: What is the name of the nth cross street? (Blocks 4 &. 5) 
Along with the "male" and " female" responses of Task 1, Task 2 added a button for 
"not there" used by the thumb. Subjects did not receive practice using this new button 
prior to testing, as the initial practice block was believed to be adequate. 
In Task 2, subjects were shown 84 slides in the 12-point block and 78 slides in \;he 18- 
point block such as the one in Figure 11. The experimenter read a number from a list 
(ranging from 1 to 9) to the subject, after which a map appeared on the screen. The 
subject counted the number of cross streets ahead of the vehicle icon corresponding 
to the spoken number (e.g., "1" refers to the first cross street ahead of the vehicle icon, 
"2" refers to the second, etc.). Subjects identified the cross street as being 'malle," 
"female," or "not there" by pressing the appropriate button in a fashion similar to 
Task 1 . 







For each level of number of streets and point size, the number of trials was in rnultiples 
of six so that the factors of name orientation (three levels) and street layout (two levels) 
were completely balanced. Table 8 summarizes the different combinations of the 
number of streets on the map and the cross street named by the experimenter. These 
represent an attempt to balance the number of streets shown, the likelihood a street 













Table 8. Task 2 combinations. In the shaded regions, the correct response was "not 
there;" in the unshaded regions, the correct response was "male" or "female." 
Practice 2: Keypad Practice (Block 6) 
The second practice block was used to familiarize subjects to the new responses used 
in Task 3. The task was to give the location of a target street relative to the vehicle 
icon. In this practice, the target street was indicated by a thick line. (See Figure 12.) 
The five possible responses were "ahead," "behind," "left," "right," or "not there." 
Responses of "ahead" or "behind" were used when the target street intersected the 
current street whereas responses of "left" or "right" were used when it did not intersect. 
If no thick line was present, the response was "not there." 
Figure 12. Practice 2 example slide. Correct response is "left." 
The five street locations (ahead, behind, left, right, and not there) all had two different 
slides and each were shown four times for a total of 40 trials. The base template (three 
lines and one arrow) remained the same for all 10 different slides with only the thick 
line changing position. 
Task, 3: Where is the target street? (Blocks 7 & 8) 
In Task 3, subjects were shown 120 slides within each test block such as the one in 
Figure 13. The experimenter read the name of a street (the "target" street) to the 
subject, after which a map appeared on the screen. The subject searched the map for 
the target street and identified its location relative to the current position on the map 
(the vehicle icon). The location of the target street was either ahead, behind, left, right, 
or not there. 








In both the 12- and 18-point text blocks (blocks 7 & 8), all combinations of number of 
streets (6, 12, 18, 24 for 12-point block; 6, 12, 24, 36 for 18-point block), name 
orientation (horizontal, vertical, and stacked), street layout (grid and non-grid), and 
name location (ahead, behind, left, right, and not there) were shown once for a total of 








Due to a minor error in one slide of the 18-point block, there were actually 25 "left" 
responses and 23 "right" responses, instead of 24 of each. 

RESULTS - Main Experiment 
Data Analysis 
Two performance measures were independently analyzed: (1) response time and 
(2) error rate. An error was recorded if the subject pressed an incorrect button lor if the 
subject failed to press any button within 25 seconds (the maximum response tirne) 
after being shown the slide. Of the 7,200 trials analyzed by ANOVA, 38 trials (a.bout 
0.5%) were omitted or replaced for one of a number of reasons (outliers, impossibly 
fast responses, missing slide, premature ending of the driving task, etc.). (See 
Table 9.) An explanation of the error trials and outliers is located in Appendix IV. 
Table 9. Errors and outliers for data analyzed by ANOVA. 
Error 
Task Trials Outliers Total 
In the ANOVA's that follow, the term significant refers to significance at the p c 0.05 
level, though in most cases significance was at p < 0.01. All confidence intervals 
referred to in the text or shown in plots are 95% confidence intervals about the mean. 
nth cross street?) 
3 (Where is the target street?) 
One consistent result throughout the analysis was that the length of the intertrial 
interval (ITI), which varied from 4.0 to 6.5 seconds, did not effect either response time 
or error rate for any of the tasks. Therefore, no mention is made of IT1 from here on. 
1 (What street are you on?) 
2 (What is the name of the 





Total 12 26 38 
6 
The data analyzed by ANOVA for this task were all combinations of number of streets 
(6, 12, and 24 only), point size, name orientation, and street layout. Street name 
gender was considered a repeated measure and was not analyzed (and in other 
studies has proven to not be significant), Therefore, each map design factor 
combination was repeated four times for a total of 144 analyzable trials per subject 
(2,880 total trials). As permitted by the repeated measure design, error trials a~nd 





The overall error rate for Task 1 was 7.1%, or 202 errors out of 2864 total trials;. 
Figure 14 shows the error rate for each subject. A between-block learning effect was 
evident in Task 1, as the error rate dropped from the second block (8.0%) to the third 
block (6.1%). This indicates that some learning occurred, even for this simple task. 
However, no learning effect was evident within blocks. 
20 
Factors in the repeated measures ANOVA model for response time are showri in 
Table 10. In this, and all subsequent analyses, between-subject factors were 
compared with the subject variability while within-subject factors were compared with 
the effect-by-subject interaction. The full error rate ANOVA for Task 1 is located in 
Appendix 0. 




The effects of age and gender on error rate were minimal, with both factors not being 
significant. However, the error rate for older subjects was higher than for young 
subjects (means of 8.9% and 5.2%, respectively). Other differences in error rate 
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Figure 14. Task 1 error rates for all subjects by age and gender. 
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Map Design Effects 
The number of streets on the map, the street layout, and the orientation of the street 
names were all significant factors on error rate; however, point size was not. Most 
interactions were significant, with the exception of number of streets by point siz:e. The 
most notable interaction was between number of streets, street layout, and name 
orientation. 
Name orientation significantly affected error rate. Vertically labeled streets had the 
lowest error rate (1.8%), followed by stacked labels (4.774, with horizontal labels 
being worst (1 4.7%). All levels of name orientation were significantly different, 
according to a post-hoc test, Although point size was not a significant main effect, an 
interaction occurred between point size and name orientation. (See Figure 15.) For 
vertical and stacked street labels, the error rates for both 12 and 18 point were nearly 
equivalent. However, the error rate for horizontal street labels was 5% higher \ ~ i t h  
18 point than with 12 point. Stacked names gave a moderate 4.7% rate, still 
significantly higher than vertical according to a post-hoc test. 
Horizontal 
Figure 15. Point size and name orientation effects on error rates for Task 1. 
For number of streets, street layout, and name orientation, the interactions had an 
equal or larger impact than main effects. For example, grid maps had a significantly 
higher error rate than non-grid maps. However, the primary difference was at 
24 streets with horizontally oriented street labels, where error rate was 25% higher, a 
huge difference. (See Figure 16.) One other difference between grid and non-grid 
was at 24 streets with stacked street labels, where error rate was 6% higher oln grid 
maps. At all other levels, grid and non-grid were effectively equal. Furthermore, the 
main effect of number of streets was mainly due to the high error rate that occurred for 
horizontally labeled streets. This did not occur for stacked and vertical labels, 
50 
Grid Non-grid 1 
6 12 24 6 12 24 





Figure 16. Interaction of number of streets, street layout, and 
name orientation on error rate for Task 1. 
Response Time 
The overall Task 1 mean response time was 181 5 ms, ranging from 693 to 10280 ms. 
(See Figure 17.) Response times under approximately 4000 ms accounted for 95% of 
the data. 
0 2000 4000 6000 8000 10000 
Response Time (ms) 
Figure 17. Task 1 overall distribution of response times. 
In Task 1, response times decreased significantly from block 2 (1 91 4 ms) to block 3 
(1717 ms). Within block 2, response times decreased for approximately the first 
8 trials, and remained relatively constant across the trials that followed, while in 
block 3, response times remained relatively constant throughout (Figure 18). 
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Trial Number Trial Number 
Figure 18. Task 1 mean response time by trial number for each block. 
Factors in the repeated measures ANOVA model for response time are shown in 
Table 11. The full response-time ANOVA for Task 1 is located in Appendix P. 




Age was the only significant subject effect, with older subjects taking 34% longer to 
respond than young subjects (means of 2080 and 1552 ms, respectively). (See 
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the means (young men faster than young women, but older women faster than older 
men) is consistent with the literature. 
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Figure 19. Age and gender effects on Task 1 response times. 
Map Design Effects 
The number of streets on the map and the orientation of the street names were both 
significant factors; however, point size and street layout were not. Also, interactions 
that included name orientation were statistically significant (name orientation by age, 
number of streets, and point size). 
The interaction between name orientation and age is shown in Figure 20. The name 
orientations of both vertical and stacked were unaffected by age, but horizontal text 
was much worse for older subjects. For older subjects, horizontal text response times 
were 37% higher than stacked, yet only 18% higher for young subjects. 
Horizontal S < 
t 2 
Figure 20, Interaction of name orientation and age for response time on Task 1. 
Response times increased as the level of number of streets increased. However, the 
increase was most pronounced for the horizontal name orientation (Figure 21), where 
response times increased about 70 ms for each additional street. 
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Figure 21. Interaction of name orientation and number of streets on response time. 
Vertically labeled streets resulted in much faster times than the horizontal labels and 
slightly faster times than the stacked labels. Point size differences were only apparent 
for horizontally oriented text (Figure 22); the point sizes were nearly equal for stacked 
and vertical text (overall differences of 72 and 39 ms, respectively). 
12 Point 
Horizontal S < + % 
Figure 22. Interaction of point size and name orientation on response time. 
Task 1 Response-Time Prediction Model 
The Task 1 response-time prediction model (located below) includes five terms with 
three factors: age, number of streets, and name orientation. The linear effects of these 
factors are represented in the first three terms of the model. The next term in the model 
is the interaction between age and name orientation. The final term is the interaction 
between number of streets and name orientation. The order of effect size, from largest 
to smallest, was name orientation, age, and number of streets. 
Response = 1334 t 264 (A) t 31 (S) + 378 (Or) t 168 (A)(Or) t 35 (S - 14)(0r) 
Time (ms) 
where: 
-1 for young subjects +1 for horizontal 
A = Age Or = Orientation -.28 for stacked 
t 1  for older subjects -. 72 for vertical 
S = Number of streets (S r 1) 
Predicted response times given by the model are plotted against all 2,864 actual 
response times in Figure 23. (Note: The model generates response times in 
milliseconds, and the figure scale is in seconds.) The R2 value (calculated as the 
percentage of variance explained by the model) was 20%, a rather low value. A 
higher value may have been obtained had the means been used. 
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Predicted Response Time (s) 
Figure 23. Predicted response time versus actual response time for Task 1. 
To verify the proposed model, forward stepwise linear regression was also performed. 
Both models included the effects of age, number of streets, and name orientation, 
while excluding the effect of street layout. However, the stepwise regression also 
included the effect of point size, a small effect that added only 0.3% to the R2 value. 
For this reason, point size was not included in the regression model. The R2 value for 
this simplified model was 16% (4% less variance explained than the proposed model). 
Task 2: Cross-Street Task 
For Task 2, only data from the first cross street was analyzed by ANOVA, as the other 
data points were confounded. The data included all combinations of number of streets 
(6, 12, and 24 only), point size, and street layout. Name orientation was considlered a 
repeated measure and was not analyzed. Therefore, each map design factor 
combination was repeated three times for a total of 36 analyzable trials per subject 
(720 total trials). As permitted by the repeated measure design, error trials and 
outliers were removed from the data set, leaving 718 total analyzable trials. 
Error Rate 
Factors in the repeated measures ANOVA model for error rate are shown in Talble 12. 
The full error rate ANOVA for Task 2 is located in Appendix Q. 




Age and gender did not have statistically significant effects on error rate, probably 
because the sample size was small. As a practical matter, age differences were large. 
Older subjects committed nearly three times as many errors as young subjects (14.2% 
and 5.3%, respectively). The error rate for women was 12.8O/0, and only 6.7% for men. 
The interaction between age and gender was not significant. 
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Subject (Age, Gender) 
The main effects of number of streets and point size were significant, but street layout 
was not. All interactions between the map design factors were significant except the 
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Error rate increased as the number of streets on the map increased. However, the 
increase in error rate was primarily between 12 and 24 streets (5.8% and 18.8%, 
respectively) and not 6 and 12 streets (4.6% and 5.8%, respectively), (See Figure 24.) 
6 12 18 24 
Number of Streets 
Figure 24. Number of streets effect on Task 2 error rate. 
The use of 18 point produced twice as many errors as 12 point (13.1 % and 6.4%, 
respectively), the opposite of what one might expect. Furthermore, there was a 
significant interaction between point size and the number of streets displayed on the 
map. There was no difference in error rate between 12 point and 18 point for maps 
with 6 streets displayed. However, there was a large difference in error rate between 
12 point and 18 point for 12 and 24 streets displayed. (See Figure 25.) 
18 point / 
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Figure 25, Interaction between number of streets and point size for Task 2 error rate. 
Response Time 
Factors in the repeated measures ANOVA model for response time are shown i~n 
Table 13. The full response-time ANOVA for Task 2 is located in Appendix R. 
Table 13. Summary response-time ANOVA for Task 2. 
Subject Effects 
Age and gender did not have significant effects on response time, though age was 
nearly significant. Older subjects took over 400 ms longer to respond than young 
subjects (2273 ms and 1848 ms, respectively). The difference in response time 
between men and women was less than 200 ms (2144 ms and 1976 ms, respectively). 













Age * Gender 
Subject (Age, Gender) 
The main effects of number of streets and street layout were significant, while point 
size was not. All two-way interactions between the map design factors were 
significant. 
Within subject 
Response time increased as the number of streets displayed on the map increased. 
The increase in response time was approximately 100 ms for each additional 6 streets 
displayed on the map. Furthermore, while there was no significant effect of paint size 
on response time, the effect of number of streets was more pronounced on malps with 
18 point text than for maps with 12 point text. (See Figure 26.) For maps with only 
6 streets, there was no difference between 12 and 18 point. However, for maps with 








Map Design Streets 
Point size 
Street Layout 
Streets * Point Size 
Streets * Street Layout 
Point Size * Street Layout 
Streets * Point Size * Street Layout 
18 point 
1000 ' 
6 12 18 24 
Number of Streets 
Figure 26. Interaction between number of streets and point size 
for Task 2 response time. 
Task 3: Where Is Task 
The data analyzed by ANOVA for this task were all combinations of number of streets 
(6, 12, and 24 only), point size, name orientation, street layout, and target street 
location. Therefore, there were 180 analyzable trials per subject (3,600 total trials). 
Error trials and outliers were replaced in the data set by the cell mean of the exact 
same trial in the same agetgender group (e.g. young women). 
Error Rate 
The mean error rate for Task 3 was 14.5%, or 523 errors out of 3600 trials. This high 
rate is consistent with other evidence that Task 3 is the most difficult of the tasks, 
A between-block learning effect was evident in Task 3, dropping from 16% in the 
seventh block to 13% in the eighth block. However, no learning effect was evident 
within blocks. 
Factors in the repeated measures ANOVA model for error rate are shown in Table 14. 
The full ANOVA for Task 3 error rate is located in Appendix S. 
Subject Effects 
Age was the only subject effect found to be significant, with error rate being twice as 
high for older subjects (20.9%) as for young subjects (8.2%). Error rate was nearly 
equal for both men and women (14.2% and 14.8%, respectively), showing no 
significant difference. Furthermore, the age by gender interaction was not significant, 
with little difference between men and women in either age group (Figure 27). 
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Streets * Point Size 
Streets * Street Layout 
Streets * Orientation 
Point Size * Street Layout 
Point Size * Orientation 
Street Layout * Orientation 
Street Layout * Orientation * Point Size 
Location 
Location * Streets 
Location * Point Size 
Location * Street Layout 
Location * Orientation 
Map Design and Context Effects 
The main effects of number of streets, street layout, and target street location were all 
significant factors on error rate; however, point size and name orientation were not. 
Also, all interactions between these factors were significant except those involving the 
number of streets on the map. 
The number of streets on the map was highly predictive of error rate. Error rate 
increased between each successive level of number of streets, starting at 7.1% for 
6 streets, 13.5% for 12 streets, and 23% for 24 streets (Figure 28). Therefore, each 
addition of 6 streets increased error rate by over 5% on average. Even though this 
effect was not totally linear, the linear model is useful for numbers of streets within the 
range studied. This effect was also observed across all interactions with number of 
streets. 
o 1  
6 12 18 24 
Number of Streets 
Figure 28. The effect of number of streets on Task 3 error rate. 
The overall error rate for grid maps (16.5%) was significantly higher than for non-grid 
maps (12.6%). However, the primary difference between grid and non-grid maps was 
found in the interaction between street layout, name orientation, and point size, even 
though this interaction was not statistically significant. For non-grid maps, point size 
had no effect. (See Figure 29.) Also for non-grid maps, the error rate for vertically 
labeled streets (13.8%) was only slightly higher than for horizontal and stacked 
orientations (average of 11.9%). However, error rate was greatly affected by both 
point size and name orientation for grid maps. For 18 point text, error rate decreased 
almost linearly between name orientations of horizontal (24%), stacked (18.3%), and 
vertical (13%). For 12 point text on grid maps, the overall error rate difference was 






Figure 29. Interaction of street layout, name orientation, and point size 
on Task 3 error rate. 
Response Time 
The overall Task 3 mean response time was 4294 ms, ranging from 419 to 20,569 ms. 
(See Figure 30.) Response times under approximately 10,000 ms accounted for 
95 % of the data. 
0 5000 10000 15000 20000 
Response Time (ms) 
Figure 30. Task 3 overall distribution of response times. 
A between-block learning effect was evident, where the mean response time 
decreased between the seventh block (4404 ms) and the eighth block (4183 ms), a 
5% decrease overall. However, there was no discernable learning effect within each 
block (Figure 31). 
Block 7 Block 8 0 
0 
2500  0 
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Trial Number Trial Number 
Figure 31. Task 3 mean response time by trial number for each block. 
Factors in the repeated measures ANOVA model for response time are shown in 
Table 15. The full ANOVA for Task 3 response time is located in Appendix T. 
Table 15. Summary response-time ANOVA for Task 3. 
Classification 1 Factors I p-value I 
I 
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The effect of age was significant while the effect of gender was not. Older subjects 
(4940 ms) took almost 35.5' longer than young subjects (3647 ms). The average 
response time for men (4691 ms) was 20.4% longer than for women (3896 ms),, (See 
Figure 32.) The interaction between age and gender was not significant. 
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The number of streets on the map, street layout, point size, and target street loc:ation 
had significant effects on response time, but street name orientation did not. Nearly all 
interactions were significant. 
Women Men 
Clearly, there is a qualitative difference between searching for a street name which 
happens to be on the map and searching for a name which is not shown. In the latter, 
every name on the map must in principle be searched, whereas in the former, 
searching ends when the name is first found (self-terminating search). Thus, different 
response times might be expected depending on where (and whether) the targlet 
name appears on the map. The target street location interacted with the number of 
streets on the map. Response times were generally unaffected by target street 
location when only 6 streets were shown on the map. (See Figure 33.) However, as 
the number of streets on the map increased, responses of "not there" had significantly 
higher response times than the other target street locations. This effect was more 
pronounced for higher numbers of streets. Also, for maps with 24 streets, response 
times for "right" also differed from the other street locations. The overall effect of the 
number of streets on the map can also be seen in Figure 33. If responses of "not 
there" are ignored, the overall mean for each level of number of streets yields an effect 
of approximately 116 ms per street between 6 and 24 streets. This is a much lower 
value than that reported by Stiltz and Yitzhaky (1979) as described in the introlduction 
to this report (0.4 seconds per street). 
Number of Streets / 
u 
2000 
Ahead Behind Left Right Not there 
Street Location 
Figure 33. Interaction of target street location and number of streets 
on Task 3 response times. 
The main effect of name orientation was not significant. However, the effect of street 
layout and the interaction between name orientation and street layout were both 
significant. For all name orientations, mean response times were higher on grid maps; 
1.7°/0 higher for horizontally labeled streets, 11% for stacked, and 4.7% for vertical. 
(See Figure 34.) For non-grid maps, stacked and vertically oriented street names had 
slightly lower mean response times than horizontal names. For grid maps, horizontal 
and vertically oriented street names had lower response times than stacked names, 
Grid 
-0 3 
6 4000 I m 0 2- Non-Grid 
2000 ' 
Horizontal S < o 
Figure 34. Street layout and name orientation effects on Task 3 response times. 
Point size significantly affected response times for Task 3. The overall mean response 
time for 12 point (4484 ms) was 9.3% higher than for 18 point (4104 ms), the opposite 
of the result for the other tasks. The interaction between point size and the number of 
streets on the map (Figure 35) shows that the point size effect became greater as the 
number of streets increased. 
6 12 18 24 
Number of Streets 
Figure 35. Effects of point size and number of streets on response time for Task 3. 
Task 3 Response-Time Prediction Model 
The response-time prediction model for Task 3 (located below) includes five terms with 
four factors: age, number of streets, point size, and search result. The linear effects of 
these factors (not including search result) are represented in the first three terms of the 
model. The next term in the model is the interaction between age, number of streets, 
and point size. The final term in the model represents the search result, where a 
response-time penalty was assessed when the target was not found. Effect size order, 
from largest to smallest, was number of streets, age, and point size. 
Response = [ 2850 + 572 (A) + 11 6 (S) - 44 (P) + 5 (A + 0.5)(S - 9)(15 - P) ] * SR 
Time (ms) 
where: 
-1 for young subjects 
A = Age 
+1 for older subjects 
S = Number of streets (S 2 1) P = Label point size (12 5 P 5 18) 
rl.0 if found 
SR = Search result 10+S if not found 
Predicted response times given by the model are plotted against all 3,600 actual 
response times in Figure 36. (Note: The model generates response times in 
milliseconds, and the figure scale is in seconds.) The R* value (calculated as the 
percentage of variance explained by the model) was 32%, quite good considering the 
raw data was used. 
0 1 2 3 4 5 6 7 8  
Predicted Response Time (s) 
Figure 36. Predicted response time vs, actual response time for Task 3. 
Forward stepwise linear regression was also performed to verify the accuracy of the 
proposed model. Both models included the effects of age, number of streets, and point 
size, while excluding the effect of name orientation. However, the stepwise regression 
also included the effects of street layout and target street location. Since the effects of 
these factors were both small, and because these factors cannot be manipulated by 
map designers, neither variable was included in the regression model. 
EXPERIMENT COMPARISON 
Of the four experiments that were performed for this project, the first two were sirnulator 
studies. These two simulator studies had many fundamental similarities that allowed 
for the comparison of like trials. The similar trials between the two experiments had 
the following characteristics: 
Grid maps 
12-point text 
Vertically oriented text 
12 and 24 labeled streets 
The current study (experiment 1) was compared to the study by Brooks and Grelen 
(1998) (experiment 2). The similar trials between these two studies were compared for 
Task 1 (What street are you on?) and Task 3 (Where is the target street?). In Tarjk 1, 
young subjects were remarkably similar between the two experiments (Figure 37), with 
mean response times differing by about 2%. Response times for older subjects in 
experiment 2 were 9 to 17% higher than in experiment 1. The small effect of number 
of streets (4 to 10 ms per additional labeled street) was generally maintained, except 
for older subjects in experiment 2, where the number of streets were effectively 
equivalent. The overall correlation between the two experiments of r = 0.97 (n =: 4) 
was very high, but for only a limited number of data points. 
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Number of Streets 
Figure 37. Experiment comparison of number of streets by age for Task 11. 
The two studies were also compared for Task 3 (Where is the target street?) with target 
street locations of "ahead," "behind," and "IeWright." Locations of "not there" were not 
compared. Overall, the mean response times of the two experiments were very close 
across age and number of streets. (See Figure 38.) The number of labeled strleets 
effect was maintained across experiments, being lower for young subjects (146 ms per 
additional labeled street) than for older subjects (209 ms per additional labeled street). 
However, mean response times across each of the target street locations (ahead, 
behind, IeWright) differed more greatly between the two experiments, thus lowering the 
correlation. The overall correlation between the two experiments was r = 0.85 (n = 12). 
Figure 38. Experiment comparison of number of streets by age for Task 3. 
CONCLUSIONS - Main Experiment 
This section sets out to answer the questions which were given in the introduction. 
Primarily, these questions deal with the effects of various experimental conditions on 
the mean response time and error rate with which the subjects were able to complete 
the three tasks. 
How did the map-reading task affect response times and errors? 
Response times and errors were dependent upon the task performed. Task 1 (\Nhat 
street are you on?) had a relatively low difficulty level, generally requiring only one 
glance to the map. Response times ranged from about 1 to 4 seconds, with a mean of 
1 .82 seconds, and an error rate of 7.1 %. Task 2 (What is the name of the nth cross 
street?) was more difficult, even though only the data for the first cross street wa,s 
analyzed. Response times ranged from 1 to 8 seconds, with a mean of 2 secon~ds, and 
an error rate of 9.8%. Task 3 (Where is the target street?) was also very difficulit, where 
the response times and error rate were primarily dependant on the number of streets 
to search. Response times ranged from about 2 to 10 seconds, with a mean of 
4.29 seconds, and an error rate of 14.5%. 
How did subject age and gender affect map reading time and errors? 
Age had a significant effect on response time for Task 1 (On-street) and Task 3 (Where 
is?), where older subjects (ages 65+) took about 35% longer to respond than young 
subjects (ages 18-30). (See Table 16.) Error rate was also significantly higher for 
older subjects on Task 3. Although some of the effects were not significant, response 
times and error rates were always higher for older subjects. For Task 1 response 
times, the number of streets and street label orientation affected older subjects more 
than young subjects. For Task 3 error rate, the number of streets and target street 
location affected older subjects more than young subjects. For Task 3 response times, 
text point size and target street location affected older subjects more than young 
subjects. 
Table 16. Ratios of older to young for response time and error rate. 
Ratio of Older to Young 
Res~onse Time Error Rate 
Across all of the tasks, there were no significant differences between men and women 
for either response time or error rate. 
Task 1 : On-Street 
Task 2: Cross Street 
Task 3: Where Is? 
* not a significant effect 
1.34 : 1 
1.23 : 1 " 
1.35 : 1 
1.71 : 1 * 
2.68 : 1 * 
2.54 : 1 
How many streets should be displayed? 
Response times and errors significantly increased as the number of labeled streets on 
the map increased, with the effect size dependent on the task. In Task 1 (On-street), 
response time increased approximately 31 ms per labeled street. However, for the 
more difficult search task (Task 3), each additional labeled street added about 167 ms. 
Furthermore, response time and error rate typically increased above 12 labeled 
streets. Additional street labels either added more clutter to a map (as in all tasks) or 
required more items to be searched (as in Task 3). Therefore, to allow for accurate 
map reading, the number of labeled streets should be held to 12 or fewer. 
What size text should be used? 
The most pronounced differences between the two levels of point size (12 and 
18 point) were observed in Task 2 (Cross street). In this task, both error rate and 
response time were lower for 12-point text when the map contained 12 or more 
labeled streets. However, on maps with 6 labeled streets, there was no difference 
between 12- and 18-point text. Therefore, 18-point text should be used with very few 
labeled streets on the map (6 or fewer), and 12-point text should be used with higher 
numbers of labeled streets. Data on the merits of text sizes between 12 and 18 point 
were not examined, but could be likely candidates. 
What street name orientation should be used? 
The street name label orientation had a significant effect on response time for Task 1 
and error rate for Tasks 1 and 3. Overall, response time and error rate were highest for 
horizontal street labels and lowest for vertical street labels. Also, stacked street labels 
had slightly higher response times and error rates than vertical street labels. 
The interaction between number of streets and name orientation in Task 1 indicated 
that street label orientation on maps with only 6 streets did not have an effect on 
response time or error rate. However, for higher numbers of streets, the street label 
orientation becomes an increasingly important factor. When more than 6 streets were 
labeled, horizontal street labels always had the highest response time and error rate, 
while vertical street labels had consistently lower response time and error rate. Thus, 
streets should be labeled vertically whenever possible. Also, horizontal labels should 
never be used on vertical streets, especially when maps contain more than 6 streets. 
How did street layout affect response time and error rate? 
The street layout had significant effects on error rate in Tasks 1 and 3 and response 
time in Tasks 2 and 3. Error rate was about 4% higher on grid maps for Tasks 1 and 3. 
The effects of response time were unclear, with non-grid maps having a higher 
average response time in Task 2 and grid maps having a higher response time in 
Task 3. However, the street layout can only be determined by the street layout in any 
given environment and cannot be controlled by the map designer. 
How can response time be predicted? 
The response time regression equations for Tasks 1 and 3 are presented in Table 17. 
These equations can be used to predict driver response times when attempting to 
identify the street being driven (Task 1) or the location of a particular street on a map 
(Task 3). 
Table 17. Response time regression equations for Task 1 and Task 3. 
Response 
Time (ms) Prediction Equation 
Task 1 
(On-street) 
= 1334 + 264 (A) + 31 (S) + 378 (Or) + 168 (A)(Or) + 35 (S - 14)(0r) 
Task 3 
(Where is?) 
= [2850+572(A)+ 116(S) -44 (P)+5(A+0 .5 ) (S -9 ) (15 -P) ] *SR 
where: 
-1 for young subjects 
A = Age 
+I for older subjects 
+1 for horizontal 
Or = Orientation -.28 for stacked 
-. 72 for vertical 
S = Number of streets (S 2 1) P = Label point size (12 I PI 18) 
(1.0 if found 
s = ( #names if not found 
3 + 0.5 * (# names) 
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APPENDIX A - Experimental Maps 
In the following pages are presented half of the 96 maps which were used for this 
study. Each map is classified according to five criteria: 
1. Number of streets. This can be 6, 12, 18,24, or 36, depending on the size of the 
letters -12-point size occurs only with 6, 12, 24, or 36 streets; 18-point occurs only 
with 6, 12, 18, or 24 streets. 
2. Name orientation. This describes the labeling of streets which run vertically. The 
labels may be horizontal, vertical, or stacked. See the maps for examples of each. 
3. Street layout. This tells whether the streets are organized on the map in a grid or a 
non-grid fashion. 
4. Point size. This describes the size of the letters in street names as they woi~ld 
appear to the subjects during the study. Point size can be either 12 point or 18 
point. 
5. Response gender. This tells the gender of the name of the current street (i.~!., the 
street where the arrow is positioned). 
For each possible combination of the first four criteria, only one of the two maps is 
shown below. The other (not shown) is identical except that some or all of the street 
names are changed. 
/T ANDREW 9 
q . 4 4  
Map 1. 6 Streets, Horizontal labels, Grid, Map 2. 6 Streets, Horizontal labels, Non- 
12 Point, Female name grid, 12 Point, Male name 
, - 
12 point, Female name 
Map 5. 6 Streets, Vertical labels, Grid, 
12 Point, Female name 
'(.o, i.\ 
Map 4. 6 Streets, Stacked labels, 
Non-grid, 12 Point, Male name 
Map 6. 6 Streets, Vertical labels, 
Non-grid, 12 Point, Male name 
Map 7. 6 Streets, Horizontal labels, Grid, Map 8. 6 Streets, Horizontal labels, 
18 Point, Female name Non-grid, 18 Point, Male name 
18 Point, Female name 
Map 11. 6 Streets, Vertical labels, Grid, 
18 Point, Female name 
Map 10. 6 Streets, Stacked labels, 
Non-grid, 18 Point, Male name 
Map 12. 6 Streets, Vertical labels, 
Non-grid, 18 Point, Male name 
Map 13. 12 Streets, Horizontal labels, 
Non-grid, 12 Point, Female name Map 14. 12 Streets, Horizontal labels, Grid, 12 Point, Male name 
~ o A - ~ r i d ,  12 Point, Female name 
Map 17. 12 Streets, Vertical labels, 
Non-grid, 12 Point, Female name 
Map 16. 12 Streets, Stacked labels, Grid, 
12 Point, Male name 
Map 18. 12 Streets, Vertical labels, Grid, 
12 Point, Male name 
Map 19. 12 Streets, Horizontal labels, Map 20. 12 Streets, Horizontal labels, 
Non-grid, 18 Point, Female name Grid, 18 Point, Male name 
Map 23. 12 Streets, Vertical labels, 
Non-grid, 18 Point, Female name 
Map 25. 18 Streets, Horizontal labels, 
Grid, 18 Point, Female name 
Map 24. 12 Streets, Vertical labells, G 
18 Point, Male name 
rid, 
Map 26. 18 Streets, Horizontal labels, 
Non-grid, 18 Point, Male name 
Map 27. 18 Streets, Stacked labels, Map 28. 18 Streets, Stacked labels, 
Grid, 18 Point, Female name Non-grid, 18 Point, Male name 
- - I  
18 Point, Female name Map 30. 18 Streets, Vertical labels, 
Non-grid, 18 Point, Male name 
. 
~ r i d ,  12 Point,   em ale name Map 32. 24 Streets, Horizontal labels, 
Non-grid, 12 Point, Male name 
Map 33. 24 Streets, Stacked labels, 
Grid, 12 Point, Female name 
Map 34. 24 Streets, Stacked Labels, 
Non-grid, 12 Point, Male name 
-- 
Map 35. 24 Streets, Vertical labels, G 
12 Point, Female name 
rid, Map 36. 24 Streets, Vertical labels, 
Non-grid, 12 Point, Male name 
Map 37. 24 Streets, Horizontal labels, Map 38. 24 Streets, Horizontal labels, 
Non-grid, 18 Point, Female name Grid, 18 Point, Male name 
Map 39. 24 Streets, Stacked labels, Map 40. 24 Streets, Stacked labels, 
Non-grid, 18 Point, Female name Grid, 18 Point, Male name 
Map 43. 36 Streets, Horizontal labels, 
Non-grid, 12 Point, Female name 
Map 44. 36 Streets, Horizontal labels, 
Grid, 12 Point, Male name 
Map 45. 36 Streets, Stacked labels, Map 46. 36 Streets, Stacked labels, 
Non-grid, 1:2 Point, Female name Grid, 12 Point, Male name 
Map 47. 36 Streets, Vertical labels, Map 48. 36 Streets, Vertical Labels, 
Non-grid, 12 Point, Female name Grid, 12 Point, Male name 

APPENDIX B - Street Names 
The names shown in Tables 18 and 19 below were chosen from Evans (1 994). They 
were selected to be easily recognizable, not associated with any particular ethnic 
group, and clearly either female or male. All names contained from five to nine letters, 
inclusive. 
Table 18. Female names. 
Table 19. Male Names. 

APPENDIX C - Map Design Characteristic Considerations 
There are a large number of characteristics that could be considered, along with 
environmental, driver, and labeling options. Those are shown in Tables 20 to 2,2 
along with thoughts on their priority. Figure 39 shows some of the labeling options. 
Priorities were based primarily on the likely impact of that characteristic on 
performance, though how easy the characteristic could be varied (both in practice and 
in the experiment) was also considered. 






















Number of streetslroads 
Coding of streetslroads 
Labeling 
Map orientation 
(North-up vs. head-up) 
Display size 





color (and number of levels) 
width (and number of levels) 
legibility (font, size) 
presence of label 
label orientation (horizontal, vertical, 
cu wed) 
length of name 
congestion 
road-related-stop signs, traffic lights, 
bridges 
transportation interchange (parking, 
bus terminal, airport, train station) 
obvious (gas station, fast food) 
f
toll booths 




Table 21. Environmental characteristics. 
u u ,  , u I 
1 Vibration I I medium I 
Characteristic 
Liahtina (dav vs, niahtl 
Priority 
medium 
Table 22. Driver characteristics. 
' ~ a ~  location (Head-up display vs. 
Instrument  ane el) 
1 Characteristic I Priority I 
high 








Figure 39. Some label orientation options. 
APPENDIX D - Legibility Study Participant Consent Form 
Subject: - Date: 
MAP LEGIBILITY STUDY 
PARTICIPANT CONSENT FORM 
The purpose of this experiment is to determine how to maximize the legibility of 
electronic maps that might appear in cars of the future. You will be driving a sirnulated 
car in the laboratory, while being asked to make judgements concerning the legibility 
of maps. You will be given several short breaks during the course of the experiment. 
Some people experience motion discomfort in the simulator. If this occurs, tell the 
experimenter immediately, and she will stop the simulator. You will be paid in full, 
regardless of whether or not you are able to complete the experiment. 
The study takes approximately 1-112 hours, and you will be paid $20 for your 
time. Thank you for your participation. 
I HAVE READ AND UNDERSTAND THE INFORMATION PRESENTED 
ABOVE. MY PARTICIPATION IN THIS STUDY IS ENTIRELY VOLUNTARY. 
- - 
Print your name Date 
- - 
Sign your name Witness (experimenter) 

APPENDIX E - Subject Biographical Form 
Map Legibility Study - Biographical Form 
University of Michigan Transportation Research Institute 
Human Factors Division Subject: 
Biographical Form 
Name: Date: 
Male Female (circle one) Age: 
Occupation: 
Retired or student: Note your former occupation or major 
What kind of car do you drive the most? 
Year: Make: Model: 
Approximate annual mileage: 
Have you ever driven a vehicle with an in-vehicle navigation system? 
No Yes, in an experiment Yes, elsewhere 
7 
In the last 6 months, how many times have you used a map? 
0 1-2 3-4 5-6 7-8 9 or more 
How often do you use a computer? 
Daily A few times a week A few times a month Once in awhile Never 
TITMUS VISION: (Landolt Rings) \/ision correctors? 
1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 
T  R R L T B L R L B R B T R  
201200 2011 00 20170 20150 20140 20135 20130 20125 20122 20120 20118 2011 7 20115 20113 -= 
. 

APPENDIX F - Legibility Study Instructions to Subjects 
Hi, are you (participant's name)? I'm (experimenter's name). Thank you ifor 
coming today. Let's go down to the conference room and get started. 
Overview 
This is a study concerning electronic maps that is being conducted in a 
driving simulator. The study will take approximately 1-112 hours to 
complete and you will be paid $20 for your time. You will be asked to 
drive the simulator while performing 2 different tasks. For the first task, 
you will be shown pairs of maps and asked, which of these maps is the 
most legible? - left or right. For the second task, you will be showrn 
single maps and asked if you feel uncomfortable reading them whille 
driving. This information will be used to design electronic maps in cars 
of the future that you may drive. Before we start, there are some forms I 
need you to fill out. Afterwards, I will give you more detailed 
instructions. 
Bio and Consent Forms 
First, please read and sign this consent form, and then turn the page and 
fill out the biographical form. If you have any questions, feel free to ask 
them at any time. 
Provide consent and biographical forms. Check that the responses are legible and 
complete. 
Vision Test 
Next, I'II be checking your vision. Do you use any corrective eyewear 
while you drive? If subject answers yes - Could you please put them om? 
Subject puts face up to vision tester. Can you see in the first diamond that the 
top circle is complete but the other 3 are broken? In each diamond, tell 
me the location of the solid circle - top, left, bottom, or right. Continue until 
2 in a row are wrong. Take the last one that was correct as the visual acuity. C)K. 
Now we'll go down to the simulator laboratory where I'II explain the rest. 
In the Simulator 
Please step into the simulator, adjust the seat and fasten your seatbelt. 
Here is the seat control. Subject adjusts seatbelt and seat. This is a study to 
determine how to maximize the legibility of a map. Some of these factors 
of interest are street name letter size, street width, and the number of 
streets on the map. You will be shown pairs of slides of maps, sidle-by- 
side, while you are driving the simulator, and asked which of the slides is 
the most legible. Your response will either be "left" or "right." 
When responding, consider how you might use a map: 
1. to find out what street you are on, 
2. to check the name of an upcoming street, or 
3. to find out where on the map a particular street is located. 
When determining which slide is most legible, you should consider these 
3 tasks (street you are on, upcoming street, street of unknown location). 
Base your decision on the entire map, not just the legibility of the street 
labels. 
After you give an answer, we will go on to the next pair. I'II be giving you 
several short breaks during the experiment. Do you have any questions? 
Shut off room lights. Show first pair of slides. 
Which map is the most legible? 
Record subject response and show next pair of slides. 
After all pairs have been shown - Next, I'II show you various single slides. 
Tell me, do you feel comfortable that you can read this map and still 
drive safely, yes or no? Do you have any questions? Let's begin. 
Show slides until subject answers "no" to the question. Show the 8 slides from the 
matrix that are around the "no" slide. 
That completes the experiment. If you could fill out this form, I'II get your 
payment. Subject fills out form and receives compensation. Thank you very 
much for your time. Have a nice day. 







Point Size * Age 1 49.000 49.000 2.600 .I821 
Point Size * Gender 1 7.562 7.562 0.401 .5608 
Streets * Point Size * Age 
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Streets * Point Size * Thickness * Gender 
Sts * Pt Size * Thickness * Age * Gender 
Sts * Pt Size * Thick * Subject(Group) 
Streets * Point Size * Boldness 
Streets * Point Size * Boldness * Age 
Streets * Point Size * Boldness * Gender 
Sts * Pt Size * Boldness * Age * Gender 
Sts * Pt Size * Bold * Subject(Group) 
Streets * Thickness * Boldness 
Streets * Thickness * Boldness * Age 
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Point Size * Thickness * Boldness 
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APPENDIX H - Unpaired t-tests for Grid Maps in Legibility Stutly 
Variable = number of streets 

























































APPENDIX I - Non-grid ANOVA Table for Legibility Study 
Point Size * Thickness * Age * Gender 
Point Size * Thickness * Subject(Group) 
Point Size * Boldness 
Point Size * Boldness * Age 
Point Size * Boldness * Gender 
Point Size * Boldness * Age * Gender 
Point Size * Boldness * Subject(Group) 
Thickness * Boldness 
Thickness * Boldness * Age 
Thickness * Boldness * Gender 
Thickness * Boldness * Age * Gender 
Thickness * Boldness * Subject(Group) 
Streets * Point Size * Thickness 
Streets * Point Size * Thickness * Age 
Streets * Point Size * Thickness * Gender 
Sts * Pt Size * Thickness * Age * Gender 
Sts * Pt Size * Thick * Subject(Group) 
Streets * Point Size * Boldness 
Streets * Point Size * Boldness * Age 
Streets * Point Size * Boldness * Gender 
Sts * Pt Size * Boldness * Age * Gender 
Sts * Pt Size * Bold * Subject(Group) 
Streets * Thickness * Boldness 
Streets * Thickness * Boldness * Age 
Streets * Thickness * Boldness * Gender 
Sts * Thickness * Bold * Age * Gender 
Sts * Thickness * Bold * Subject(Group) 
Point Size * Thickness * Boldness 
Point Size * Thickness * Boldness * Age 
Pt Size * Thickness * Boldness * Gender 
Pt Size * Thick * Bold * Age * Gender 
Pt Size * Thick * Bold * Subject(Group) 
Sts * Point Size * Thickness * Boldness 
Sts * Pt Size * Thickness * Bold * Age 
Sts * Pt Size * Thick * Bold * Gender 
Sts * Pt Size * Thick * Bold * Age * Gend. 










































































































































































APPENDIX J - Unpaired t-tests for Non-grid Maps in Legibility Study 
Variable = number of streets 
















































APPENDIX K - Participant Consent Form 
Subject: - Date: 
MAP LEGIB,ILITY STUDY 
PARTICIPANT CONSENT FORM 
The purpose of this experiment is to determine how to maximize the legibility of 
electronic maps that might appear in cars of the future. You will be driving a sirnulated 
car in the laboratory, while being asked to locate particular streets and give the gender 
of the street labels on maps. You will be given several short breaks during the (course 
of the experiment. Some people experience motion discomfort in the simulator. If this 
occurs, tell the experimenter immediately, and she will stop the simulator. You will be 
paid in full, regardless of whether or not you are able to complete the experiment. 
The study takes approximately 2-112 to 2-314 hours, and you will be paid $40 for 
your time. Thank you for your participation. 
I HAVE READ AND UNDERSTAND THE INFORMATION PRESENTED 
ABOVE. MY PARTICIPATION IN THIS STUDY IS ENTIRELY VOLUNTARY. 
- --- - -- 
Print your name Date 
- 
Sign your name Witness (experimenter) 

APPENDIX L - Instructions to Subjects 
Experiment 1, Map Reading- Subject Instructions 
Hi, are you (participant's name)? I'm (experimenter's name). Thank you for 
coming today. Let's go to the conference room and get started. 
Overview 
This is a study concerning electronic maps. This information will be used 
to design electronic maps in cars of the future that you may drive. 'The 
study will take approximately 3 hours to complete and you will be paid 
$40 for your time. You will be asked to drive the simulator while 
performing 3 different map reading tasks. You will also have a pralctice 
before two of the tasks. For the first task, I'II show slides of maps and 
ask you a question about the street you are driving on. For the second 
task, you will be asked to locate the name of a particular cross street. 
For the third, your task will be to describe the location of a particuliar 
street. Before we start, there are some forms I need you to fill out. 
Afterwards, I will give you more detailed instructions. 
Bio and Consent Forms 
First, please read and sign this consent form, and then turn the page and 
fill out the biographical form. One point I want to emphasize is that some 
people experience motion sickness while driving the simulator. If you 
feel uncomfortable, there will be no problem stopping the experiment. 
You will be paid the full amount, even if you are unable to complete the 
study. If you have any questions, feel free to ask them at any time. 
Provide consent and biographical forms. Check that the responses are legible and 
complete. 
Vision Test 
Next, I'II be checking your vision. Do you use any corrective eyewear 
while you drive? If subject answers yes - Could you please put them oln? 
Subject puts face up to vision tester. Can you see in the first diamond th~at he 
top circle is complete but the other 3 are broken? In each diamontl, tell 
me the location of the solid circle - top, left, bottom, or right. Continue until 
2 in a row are wrong. Take the last one that was correct as the visual acuity. OK. 
Now we'll go down to the simulator laboratory where I'II explain the next 
phase. 
In the Simulator 
Please step into the simulator, adjust the seat and fasten your seatbelt. 
Here is the seat control. Subject adjusts seatbelt and seat. This is a study to 
determine how different features affect the ease of reading a map. Some 
of these factors of interest are street name letter size, the number of 
streets on the map, and the orientation of the street name label. 
For your first practice session, you'll be shown slides with one nanne on 
each slide. The name will either be a male or female name. After the 
slide appears, your task is to determine whether the name is male or 
female and to respond by pressing the appropriate button on the board 
on your right. Quickly press and release the left key with your pointer 
finger if the name you see is male, such as John. If the name is female, 
say Jane, press the right key with your middle finger. Demonstrate to the 
subject. You'll be driving the simulator as you do these tasks. Please 
drive 30 milhr during the sessions. Also, make sure to keep your eyes on 
the road when a map is not being shown. You will be alerted that a new 
map is being shown by a short tone. You'll hear a different, longer tone 
if you respond incorrectly during any of the tasks. If you respond 
incorrectly, do not re-enter your response. Also, keep in mind that your 
main task is to drive safely. After we finish the practice session, I'II give 
you instructions for the first task. Do you have any questions? I'II be 
giving you a few minutes of simulator practice time before we start the 
practice sessions. As a reminder, some subjects may experience a bit of 
motion discomfort initially, but this normally subsides after a few minutes. 
If at any time you need to take a break or do not feel as though you can 
continue with the study, please tell me and I'II stop the simulator. So if 
you feel you're ready, could you take ahold of the wheel and I'II start the 
simulator. 
Start simulator. Let subject drive for one minute. Take a short break, ask how they're 
feeling. Let subject drive for another minute, then start the practice task. Just before 
the pratice starts say: 
Remember, 
driving safely at 30 milhr is your priority, even though the sign 
posted on the side of the road says 35 milhr, 
after hearing the tone, look at the map for the street that you're on, 
press the left key if the name is male and the right if it is female, 
and respond as rapidly and accurately as possible. 
Complete practice task for one-street task. 
For the first task, you'll be shown slides of maps with their street labels 
in different orientations. Your task is to respond using the response 
board in the same manner as you did during the first practice session, to 
the following question: Is the name of the street that you are traveling on 
male of female? Let me show you a few examples. 
BRENDA 
BRENDA 
I I I 
Here are six different ways to show you are driving on Brenda Street, the 
vertical line. The triangle-shaped icon represents your current loclation 
and points in the direction of your travel. The name label for the street 
won't necessarily be located near the location icon, 
You'll be driving the simulator during this task. Please drive 30 milhr 
and stay in your lane, your primary task. Keep your eyes on the road 
when a map is not being shown. Respond to the map as rapidly and 
accurately as possible by pressing the keys for male and female names. 
Do you have any questions? 
Run the on-street task. 
We'll take a short break and then start the second task. 
During the second task, you will be asked: Is the name of a certain cross 
street (for example, the first or tenth) male or female? I will tell you the 
number of the cross street that you should be looking for before each 
trial. A cross street is a street that intersects or touches the street that 
you are on. It may not necessarily be horizontal. Let me show you a few 
examples. Show diagram. 
HELEN 
ROBERT 
In the figure on the left, both Helen and Robert are cross streets. Robert 
is the first cross street, while Helen is the second. All of the cross streets 
in this task will be ahead of the location icon. In the example on the 
right, Elaine and Gregory are cross streets, while Rebecca and David are 
not; they do not cross the vertical street in the center. Elaine is the first 
cross street and Gregory is the second. If you look at the response 
board, you'll notice that I've added a third response key. For this task, 
the three possible responses are male, female, and "not there." If I ask 
you to find the third cross street and the triangle is your current location, 
and there are only two cross streets on the map, your response would be 
not there. In this case, you would press the left-most key with your 
thumb. The male and female keys will be used the same as they were 
during the first task. In the figure on the right, if I asked you to tell me 
the gender of the fourth cross street, your response would be "not there." 
Do you understand the definition of a cross street? Give further explanation if 
the subject doesn't understand. You may wish to reorient the response board 
so it's more comfortable for you. 
Great, let's start the second task. 
Run the second task. 
Let's task a quick break, and then start the practice session for the third 
task. 
The third task involves finding a street on a map. For the practice 
session for the third task, I'll show you a simple map with the location 
icon on it. A darkened, thicker line will appear ahead, behind, to the left, 
or to the right of the location icon. Press the key corresponding to the 
location of the dark line (ahead, behind, left, or right). The responses 
associated with each finger of your right hand are shown in this diagram. 
If a darkened line does not appear on the slide, you should respond with 





Run the practice session for task 3, 
OK. Let's talk about the third task now. It is very similar to the practice 
session you just completed. The response buttons are exactly the same. 
During this task, your task will be to tell the location of a street relative to 
your location. For example, where is Curtis? I will be speaking th(e 
name of the street to look for. Respond by pressing the appropriate keys: 
ahead, behind, left, right, or "not there." Keep in mind you're looking for 
the location of the street itself, not the label. Let me show you a few 
examples. Show diagram. 
The street that lies ahead is only classified as such if it crosses or 
touches the street you're driving on ahead of the location icon. Barbara 
and Andrea are examples of a street ahead. The behind street is the 
same thing only behind the location icon. Stewart is a street that is 
classified as behind. Curtis, though it is ahead of the location icon, 
would be classified as right, since it doesn't cross or touch the street 
you're on. Michael is a left street. Helen is a right street, though some 
of it's label falls to the left of the street you're on. Do you understand 
how to classify the streets? Give further examples if subject is unclear. Let's 
get started then. 
That completes the experiment. If you could fill out this form, I'll get your 
payment. Subject fills out form and receives compensation. Thank you very 
much for your time. Have a nice day. 
APPENDIX M - Map Reading Task Assessments 
Task selection was done in three steps: 
1. ldentify the tasks the drivers perform. 
2. Reduce the list of tasks to a set of unique options that are important to real driving. 
3. Determine how task performance can be measured using existing equipmerit (to 
minimize development cost and time) so the results are reliable. 
Step 1 : Identify the tasks the drivers perform. 
Prior to this experiment, considerable thought was given to how people might use 
maps. This is important because the tasks examined in experiments should miimic 
actual map use. Table 23 shows some of the questions that might be answered with 
an automotive map. Planning tasks (how do I get from x to y, how do I get around the 
congestion on "x" street) have not been included in this list as they were consider too 
attention demanding to be performed while driving. 










relative number -> 
namelnumber 
first, second, third ... 
beforelafter 
name -> relative number 
landmark -> number 
landmark -> name 
name -> landmark 
number -> landmark 
name 1 -> name 2 
Example@) 
What is the namelnumber of the street you 
are on? 
Does Main Street go east-west or north- 
south? 
How far is it to Main Street? How far is it to 
the next traffic light? How far is it to thle next 
gas station? 
Is there congestion ahead? 
What is the name of the street you just 
passed? 
What is the route number for the street two 
streets ahead? 
How many streets is it to Main Street? 
How many streets back is Green Road? 
How many streets are there to the Suinoco 
station? 
What is the name of the street on which the 
Sunoco is located? 
Is there a gas station on Main Street? 
Is there a gas station at the second 
intersection ahead? 
What route number is Plymouth Road? 
Note: Other global attributeslproperties include the name of the region in which the 




Step 2: Reduce the list of tasks 
It would not be feasible to examine all of these tasks in experiments, and furthermore, 
there are similarities among them that make exhaustive examination unnecessary. 
Tasks can be grouped along several dimensions: whether search is structured 
(looking to a particular place) or unstructured (finding where on the map the street is 
located), and whether search involves counting (some number of cross streets). Tasks 
also differ in terms of their output (street name, number of streets, whether a street is 





Given a need to tap these qualities and to limit the number of tasks to be explored, four 
of the most important and common tasks are suggested for further exploration. They 
are listed in Table 24. 
Does the next cross street go east-west or 
north-south? If you turn right, in which 
direction will you be heading (north, south, 
east, or west)? 
How far is it from your current location? 
Is there congestion on Plymouth Road? 
What is the name of the second street before 
Green Road? 
Between Green Road and the street with a 
Sunoco station at the corner is a street 
whose name starts with a "D." What is its 
name? 
Where is Main Street? (ahead, behind, to 
left, to right) 
Table 24. Four key tasks. 
Typical Query 
What is the namelnumber of the street you 
are on? 
How many streets is it to Main Street? 
How many streets back is Green Road? 
What is the name of the street you just 
passed? 
What is the route number for the street two 
streets ahead? 









name -> relative number 
relative number -> 
namelnumber 
first, second, third ... 
beforelafter 
location (ahead, behind, 
, to left, to right) 
Table 25 shows a detailed description of the steps that might be executed for each of 
these tasks. Notice that the two cross street tasks are similar as only the subtask order 
differs (either counting streets and looking for a street name, or checking street names 
and incrementing a mental counter when a match does not occur). Consequently, 
only one of the cross street tasks was examined. 

















streets is it 
to.. .? 
What street 





1. search for current location (center or not center of map) 
(and find it) 
2, identify direction to search (depends if the map is north-up 
or head-up) 
3, search in desired direction for object (and find it) 
4. identify appropriate response 
5, respond 
1. search for current location (center or not center of map) 
(and find it) 
2. identify direction to search (depends if the map is north-up 
or head-up) 
3. search in desired direction for object (and find it) 
4. find center again 
5, count number of streets 
6. respond 
1. search for current location (center or not center of map) . , 
(and find it) 
2. identify direction to search (depends if the map is north-up 
or head-up) 
3. search in desired direction for object 
4. find a street 
5.  Is that it? yes-go to response step 
6. no-index counter and search again 
7, identify appropriate response 
8. respond 
1. look at a section 
2. does it have the desired feature? 
3. no-index counter, repeat step 1 
4. yes-read name 
5. res~ond  
Step 3: Determine how task performance can be measured. 
In the initial experiment, response time (and errors) served as the primary performance 
measures, though in future experiments, eye fixation data may be obtained. Eye 
fixation data (number of fixations to the map required and their duration) may be the 
most direct measures of the attentional demands of a map. There are numerous ways 
that eye fixations can be recorded (direct view, corneal reflection-based cameras, etc.) 
(Green, 1992; Williams and Hoekstra, 1994). However, at the time this data was 
collected, only direct view recording was available, and reduction of the vast amount of 
data required was not feasible within the schedule and budget of this project. In direct 
view, a camera is aimed at the subject to record where they are looking. The 
videotape is played back frame by frame, and the number of frames for which the 
subject looks to each location are counted. Data reduction time for this approach is 
30-40 hours for each hour of subject time. 
In this particular experiment, response time was used as a surrogate measure. While 
drivers may not look at a display continuously while searching a map, the time from 
when they begin to search until they make a decision is still a useful measure. 
Given response time is the measure of choice, how should subjects respond? It is 
important that the decisions resemble those real drivers make, and that that 
performance be easy to measure. It is often suggested in these situations that drivers 
speak their response. Unfortunately, without expensive hardware, it is difficult to 
identify the onset of a response. ("What is the name of the second cross street 
ahead?" "Uhhh, Maple.") Because responses are said quickly, it is difficult for 
responses to be scored accurately and for the beginning of each response to be timed 
accurately. 
As a consequence, a manual response was favored. It is clear than any response that 
is complex (e.g., typing in a street name, memorizing names and associating them with 
response keys) would take a long time to learn and add variability to the subject's 
performance. The approach selected was to have all street names be common male 
or female names, a frequent practice in the U.S. This lead to an easy solution of how it 
could be determined that subjects found a designated street (on which they were 
driving or the nth cross street). If the street name was male, they pressed one key. If it 
was female, they pressed another. Since the gender of names is well known and 
there is ample data on their frequency, the times associated with the final subtask 
would be minimal and of low variability. Hence, the focus of the task would be on the 
actual reading of the map, not experimental artifacts to determine what was read. 
Other tasks were also considered such as indicating if the street name was an animal 
(Bear Street), a plant (Maple Road), or a mineral (Iron Avenue), names common in the 
U.S. However, such tasks would be more of a test of subject knowledge rather than an 
evaluation of map design. 
APPENDIX N - Error and Outlier Trials 
A total of 38 trials from the data set, 12 error trials and 26 outliers, were invalid for one 
of a number of reasons. 
One trial was omitted because the recorded response time was less than 200 ms. It 
was felt that any response time less than this was impossible to achieve with any 
degree of accuracy and the trial was likely an accidental keypress. 
Four trials were omitted because the subject did not realize that a slide was being 
shown. When a subject made no indication (head or eye movement) of looking at the 
slide being shown, the experimenter asked if the subject realized that a slide was 
showing. The subject would then look down at the screen and respond accordingly. 
This only happened to some older subjects who may not have been able to hea,r the 
auditory tone associated with beginning of a slide. The response times for thesie trials 
were all greater than 19,000 ms. 
Two trials were omitted because of an invalid response to a slide. In Task I, the 
subject was only given two response options, the index finger or middle finger. There 
were two instances in Task 1 where a response was recorded from the ring finger. 
Since this was not a possible response for the task, the trial was invalidated. Since 
the keypad was configured for each task so that only the appropriate keypresses were 
possible, it is not known what caused this irregular response. 
One trial was omitted because a slide fell out of the carousel for one subject due to 
mishandling. A blank screen was shown to the subject as a result of the missing slide. 
The missing slide was found and replaced before the next subject was run. 
Four trials were omitted because the driving simulation ended before all the slicles had 
been presented. This occurred for one subject who was consistently slower in 
responding. 
A total of 26 trials were outliers; 11 from Task 1, 1 from Task 2, and 14 from Task 3. 
Trials were removed from the Task 1 and Task 2 data sets (due to repeated measures) 
and in Task 3 were replaced with the mean of the same trial for the other 4 subjects in 
the same agelgender group. 
Task 1 
Errors 









The histogram of all response times was observed after the five error trials were 
replaced. A large gap in response times occurred past 12,500 ms. So, response 
times greater than this were identified as potential outliers for Task 1. 
The next step was to compare the response time for a specific data point to the 
repeated trials within the same subject. If the response time for that data point was 
more than three standard deviations away from the mean of the repeated trials, the 
data point was considered an outlier and was removed from the data set. A total of 









Invalid response to the slide. 
Invalid response to the slide. 
Subject did not notice that a map had come up. 
Subject did not notice that a map had come up. 
Subject did not notice that a map had come up. 
OM 15345 2041 3852 YES 
OM 15853 4868 11 836 YES 
Subject 
Group 
OM 25000 4304 12399 YES 
OM 14281 4304 12399 YES 
OF 25000 2943 6770 YES 
OF 15355 2099 2605 YES 
OM 14188 8659 13812 YES 
OM 20844 5770 9497 YES 
Response 
Time (ms) 
OF 13441 61 48 6347 YES 
OF 25000 61 48 6347 YES 








One error trial was removed from the data set. This trial was an error because the 
slide was missing from the carousel. The original response time for the trial was 
22,854 ms. 
Outliers 
After the one error trial was removed from the data set, the outlier analysis was 
performed. Trials were identified as potential outliers if they were more than three 
standard deviations away from the mean for a particular number of streets. These 
individual trials were finally considered outliers if the response time was greater than 
three standard deviations away from the mean for that particular subject and sulbject 
group. 
Only one trial was removed as an outlier for Task 2. The response time for this trial 
was 25,000 ms, the maximum time allowed. 
Task 3 
Errors 
Six errors occurred in Task 3. The mean of the same trial for the other four subjects 










After the six error trials were replaced, the oulier analysis was performed. Trials were 
identified as potential outliers if they were more than three standard deviations away 
from the mean for a particular number of streets. These individual trials were finally 
considered outliers if the response time was greater than three standard deviations 
away from the mean for that particular subject and subject group. A total of 14 outliers 









I Subject I Response ( Mean + 3*SD I Mean + 3*SD I Replacement 
Standard 
Streets Mean Deviation (SD) Mean + 3"SD 
Streets 1 ~ r o u p  I ~ i m e  (ms) I (Subject) I (Subject Group) I %me (ms) 













Driving simulation ended. 
Driving simulation ended. 
Driving simulation ended. 
Driving simulation ended. 
Subject did not notice that map had come up. 
Impossibly low response time. 
2945 1418 71 99 
41 06 2060 10286 
5935 3007 14956 
APPENDIX 0 - Task 1 Error ANOVA Table 









Streets * Age 
Streets * Gender 
Streets * Age * Gender 
Streets * Subject(Group) 
Street Layout 
Street Lavout * Age " 
Street Layout * Gender 
Street Layout * Age * Gender 



























































Streets * Street Layout * Age * Gender 
Streets * Street Layout * Subject(Group) 
Streets * Orientation 
Streets * Orientation * Age 
Streets * Orientation * Gender 
Streets * Orientation * Age * Gender 
Streets * Orientation * Subject(Group) 
Street Layout * Orientation 
Street Layout * Orientation * Age 
Street Layout * Orientation * Gender 
Street Layout * Orientation * Age * Gender 
Street Layout * Orient. * Subject(Group) 
Point Size * Streets * Street Layout 
Point Size * Streets * Street Layout * Age 
Pt Size * Streets * Street Layout * Gender 
Point Size * Streets * Grid * Age * Gender 
Pt Size * Streets * Grid * Subject(Group) 
Point Size * Streets * Orientation 
Point Size * Streets * Orientation * Age 
Point Size * Streets * Orientation * Gender 
Pt Size * Streets * Orient. * Age * Gender 
Pt Size * Sts * Orient. * Subject(Group) 
Point Size * Street Layout * Orientation 
Pt Size * Street Layout * Orientation * Age 
Pt Size * Street Layout * Orient. * Gender 
Point Size * Grid * Orient. * Age * Gender 
Pt Size * Grid * Orient. * Subject(Group) 
Streets * Street Layout * Orientation 
Streets * Street Layout * Orientation * Age 
Sts * Street Layout * Orientation * Gender 
Streets * Grid * Orient. * Age * Gender 




















































































































































APPENDIX P - Task 1 Response-Time ANOVA Table 
Streets * Street Layout * Age * Gender 
Streets * Street Layout * Subject(Group) 
Streets * Orientation 
Streets * Orientation * Age 
Streets * Orientation * Gender 
Streets * Orientation * Age * Gender 
Streets * Orientation * Subject(Group) 
Street Layout * Orientation 
Street Layout * Orientation * Age 
Street Layout * Orientation * Gender 
Street Layout * Orient. * Age * Gender 
Street Layout * Orient. * Subject(Group) 
Point Size * Streets * Street Layout 
Point Size * Streets * Street Layout * Age 
Pt Size * Streets * Street Layout * Gender 
Pt Size * Streets * Grid * Age * Gender 
Pt Size * Streets * Grid * Subject(Group) 
Point Size * Streets * Orientation 
Point Size * Streets * Orientation * Age 
Point Size * Streets * Orient. * Gender 
Pt Size * Streets * Orient. * Age * Gender 
Pt Size * Sts * Orient. * Subject(Group) 
Point Size * Street Layout * Orientation 
Pt Size * Street Layout * Orient. * Age 
Pt Size * Street Layout * Orient. * Gender 
Point Size * Grid * Orient. * Age * Gender 
Pt Size * Grid * Orient. * Subject(Group) 
Streets * Street Layout * Orientation 
Sts * Street Layout * Orientation * Age 
Sts * Street Layout * Orient. * Gender 
Streets * Grid * Orient. * Age * Gender 



















































































































































APPENDIX Q - Task 2 Error ANOVA Table 








































Street Lazu t  * Gender I 1 1 2 3 4 ~ 3 1  2.3~31~-1193 
Streets 
Streets * Age 
Streets * Gender 
Streets * Age * Gender 









Location * Subject(Group) 
Point Size " Streets 
Point Size * Streets * Age 
Point Size * Streets * Gender 
Point Size * Streets * Age * Gender 
Point Site * Streets * Subject(Group) 











Point Size * Orientation * Age 
Point Size * Orientation * Gender 





Point Size * Orient. * Subject(Group) 














Point Size * Street Layout * Age 






























































Pt Size * Street Layout * Age * Gender 
Pt Size * St. Layout * Subject(Group) 
Point Size * Location 
Point Size * Location * Age 
Point Size * Location * Gender 
Point Size * Location * Age * Gender 
Point Size * Location * Subject(Group) 
Streets * Orientation 
Streets * Orientation * Age 
Streets * Orientation * Gender 
Streets * Orientation * Age * Gender 
Streets * Orientation * Subject(Group) 
Streets * Street Layout 
Streets * Street Layout * Age 
Streets * Street Layout * Gender 
Streets * Street Layout * Age * Gender 
Sts * Street Layout * Subject(Group) 
Streets * Location 
Streets * Location * Age 
Streets * Location * Gender 
Streets * Location * Age * Gender 
Streets * Location * Subject(Group) 
Orientation * Street Layout 
Orientation * Street Layout * Age 
Orientation * Street Layout * Gender 
Orient. * Street Layout * Age * Gender 
Orient. * Street Layout * Subject(Group) 
Orientation * Location 
Orientation * Location * Age 
Orientation * Location * Gender 
Orientation * Location * Age * Gender 
Orientation * Location * Subject(Group) 
Street Layout * Location 
Street Layout * Location * Age 
Street Layout * Location * Gender 
Street Layout * Location * Age * Gender 










































































































































































APPENDIX T - Task 3 Response-Time ANOVA Table 
Pt Size * Street Layout * Age * Gender 
Pt Size * St. Layout * Subject(Group) 
Point Size * Location 
Point Size * Location * Age 
Point Size * Location * Gender 
Point Size * Location * Age * Gender 
Point Size * Location * Subject(Group) 
Streets * Orientation 
Streets * Orientation * Age 
Streets * Orientation * Gender 
Streets * Orientation * Age * Gender 
Streets * Orientation * Subject(Group) 
Streets * Street Layout 
Streets * Street Layout * Age 
Streets * Street Layout * Gender 
Streets * Street Layout * Age * Gender 
Sts * Street Layout * Subject(Group) 
Streets * Location 
Streets * Location * Age 
Streets * Location * Gender 
Streets * Location * Age * Gender 
Streets * Location * Subject(Group) 
Orientation * Street Layout 
Orientation * Street Layout * Age 
Orientation * Street Layout * Gender 
Orient. * Street Layout * Age * Gender 
Orient. * Street Layout * Subject(Group) 
Orientation * Location 
Orientation * Location * Age 
Orientation * Location * Gender 
Orientation * Location * Age * Gender 
Orientation * Location * Subject(Group) 
Street Layout * Location 
Street Layout * Location * Age 
Street Layout * Location * Gender 
Street Layout * Location * Age * Gender 


























































































2.1 71 E7 
9.335E7 
4.915E8 
5.613E7 
4.284E7 
2.297E7 
3.183E8 
2.397E7 
5.147E5 
5.133E6 
2.81E6 
8.465E7 
5.941E7 
3.284E7 
4.735E7 
1.713E7 
3.143E8 
7.417E7 
3.64E7 
1.855E7 
1.465E7 
2.1 64E8 
0.132 
2.673 
0.288 
0.442 
0.151 
0.283 
0.964 
1.595 
1 .I55 
5.976 
0.424 
0.419 
3.522 
25.137 
2.600 
2.096 
1.087 
4.285 
0.1 13 
0.850 
0.477 
2.975 
1.596 
2.360 
0.870 
5.707 
2.805 
1.480 
1.1 68 
,721 6 
,0398 
,8845 
,7778 
.9620 
.8877 
,4335 
,1863 
,3391 
.0062 
.6582 
.6609 
,041 5 
<.0001 
.0114 
,0407 
.3762 
.0224 
,8937 
.4370 
,6250 
.0043 
.I321 
,021 1 
,5433 
-0005 
,0328 
,2186 
,3335 
